The changing economic environment of health care has destabilized the relationship between the financing of academic medicine and its core missions-patient care, teaching, and scholarly activity. 1 At the same time, the combination of rapid technological change and the integration of new business structures into the academic health care systems has propelled faculty roles and responsibilities to new levels of complexity and diversity. Faculty at some academic medical centers have increased their clinical activities in response to financial pressures. 2 Compensation for research and other scholarly activities may be reduced, 3 and teaching activity may be underresourced and inadequately rewarded. 4 Departments of family medicine have been challenged by these new clinical demands and by the inherent conflicts in their multiple missions. 5 In fact, the entire academic medical community is under increasing pressure to define and measure its activities. 6 In 1998, the Association of American Medical Colleges (AAMC) formed a Mission-based Management Program to assist medical schools in tracking and managing resources. 7 Recently released AAMC guidelines promote measuring academic activities using relative value systems based on previously published relative value systems. [7] [8] [9] Bardes and Hayes 10,11 developed a relative valuebased system, the Relative Value Scale in Teaching, to measure faculty teaching activity. Initially, a group of interested faculty members assigned "relative value weights" by consensus to 20 teaching activities, according to labor intensity, amount of preparation, amount of patient responsibility, and educational value. 10 These relative value weights were then multiplied by the number of hours required for each activity to produce "relative value units." To measure a year's worth of this activity, the relative value unit score was multiplied by the number of times the activity was done annually. Hilton et al 6 expanded the Bardes and Hayes system to measure research, administration, and patient care, as
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Dewey C. Scheid well as teaching. Relative values were assigned by the authors to 51 activities using a 1 to 10 scale for each area. Each activity's relative value was multiplied by an activity-specific time measure to yield a "global relative value." The number of times per year a specific activity was completed was multiplied by the global relative value to determine the total value of that activity in a year. Other systems for judging the value of faculty activities have been reported recently, [12] [13] [14] [15] [16] [17] [18] [19] as well as measures based on data in information systems. 20 These previous models share several features that threaten their acceptability and validity. When designed by committees of administrators, they may produce value scales that don't represent the values of the faculty. Constraining the values to a 1 to 10 scale may undervalue large-scale tasks and favor small-scale activities that are performed more often. The systems of Bardes 10, 11 and Hilton 6 divide the scales into three separate components-relative value weight of the activity, time to accomplish the activity once, and number of times the activity is done per year. It is possible that this system may overweight the time involved in a task. The relative value weight judgment may naturally consider how hard-or how time consuming-an activity is. Subsequently, multiplying the activity's judged relative value by the amount of time the activity takes, to assign a global relative value to one instance of the activity, could distort the relative value by, in effect, considering time twice.
In this paper, we report our academic family medicine department's experience attempting to develop a relative value-based measurement system that was modified to avoid some of the flaws of the aforementioned systems. Undertaken at the request of the administration of the College of Medicine, the purposes of the campus-wide effort were to demonstrate to our state legislature and other potential funders the work done by the medical school faculty, to evaluate individual faculty members, and to compare departments. A relative value measurement system was requested so that the value of the faculty's educational activities could be recognized on a par with clinical service and research. The method suggested, a variant of Bardes' 10, 11 and Hilton's systems, 6 was to develop a list of faculty members' activities, to measure the relative value of each activity on a 1 to 10 scale, and to count how many times the activity was done in a year by each individual. This paper reports the results of this experiment.
Methods

Study Setting
The project was carried out at a multidisciplinary department of family and preventive medicine comprised of eight divisions and programs: family practice residency training programs on the main campus and at a remote city, an undergraduate training division, an occupational medicine residency training program, a physician assistant training program, a research division, a clinical sciences division, and a sports medicine program. The faculty is comprised of 23 physician members, 6 PhD members, and 8 others. The University Family Medicine Center provides primary care to a diverse ethnic and socioeconomic population of approximately 25,000 patients in a large academic metropolitan health center.
The Process
The relative value-based system was developed in two phases. In the first phase, the faculty was invited to submit lists of all of their professional activities. The individual faculty lists were collated and integrated by the authors into a draft faculty activity list. This list was distributed to the faculty, and comments were solicited.
In the second phase, the faculty rated the relative value of each academic activity. To facilitate comparisons, these activities were presented in three sets. The first set included 50 discrete activities that could be completed in a relatively short length of time, such as preparing and giving a lecture or seeing patients for 1 half day. The second set consisted of 21 activities that extended over time, such as a month being head of a division or coordinator of a course. The third set held 25 major academic products, such as being coauthor of a paper or principal investigator of a funded grant.
Faculty members were asked to rate all the activities in each set using a set-specific numerical scale (described below). Each set was judged using its own numerical scale because we believed that it was feasible to make these judgments with items that were similar but difficult to consistently judge activities from the different sets. To make the resulting three judgment scales comparable, a second survey was constructed that had six items from each of the three sets. Faculty members were asked to rate these 18 items on a single numerical scale. The correspondence between the ratings given the items from each set on the first and second questionnaires was intended to be used to translate the ratings of all the items from that set into the common scale. This is analogous to the "cross-specialty linkage" used in developing resource-based relative value measures for clinical activities. [21] [22] [23] [24] To orient respondents to the values that the academic activities are intended to promote, copies of the mission statements of the medical school and the department were included with both questionnaires. The respondents were asked to rate each activity relative to other items in its set by first choosing a benchmark activity and assigning it a value of 1. Next they were to choose a high-ranked and a low-ranked activity and assign values compared to the benchmark activity. These three could then serve as reference points for rating all the other activities in the set. Family Medicine
The instructions encouraged assignment of values to other activities in the set in relationship to the benchmark activity by ratio estimation, without stating an upper bound. For instance, if an activity was thought to be 2.5 times as valuable as the benchmark activity, the faculty member was instructed to assign it a value of 2.5. These instructions define the judgments as a magnitude estimation procedure, which should produce ratings on a ratio scale. 25 The faculty members were also asked to count the number of times they performed each activity in a year. The order in which they rated the individual activities and estimated their yearly totals was up to the respondent. The questionnaire is available at http://www.fammed.ouhsc.edu/relval/ qnaire.htm.
The second questionnaire (with the single judgment scale) was developed after the first questionnaire (with separate judgment scales for each set) had been returned. It was given only to faculty members who had completed the first questionnaire. In selecting the 18 activities (6 activities from each set) to include in the second questionnaire, the attempt was made to include items that the respondents had frequently selected as the low, the benchmark, and the high reference point in their respective sets on the first questionnaire. This would assure that many respondents had compared these items to most of the other items in the set and that the six items would span the range of relative values in the set. Respondents were required to rate the 18 items on one scale, in a manner similar to that used for each individual set on the first questionnaire, by picking a benchmark, then high-and low-value activities, followed by the assignment of values to all activities using ratio estimation. To test respondents' competence at the kind of arithmetic operation often required in making judgments that express ratios, the following question was asked at the end of the instruction page: "If B is worth four times A, and C is worth 8 times A, then C should be worth ? times B."
Development of Transformation
Functions. The goal of Phase Two was to measure the relative value of each academic activity on a common scale. The single judgment scale of the second Phase Two questionnaire was taken as the ultimate relative value scale. This survey included six items from each of the three sets of items that were rated with their own judgment scale in the first questionnaire. It was necessary to develop a transformation function for each set of activities that could be used to produce the score for each of the 96 items in the ultimate value scale, given its score on the first questionnaire. Two methods (plus variants) were used to derive the required transformation functions. Each method focused on the six activities from a given set that were rated in both the first and second questionnaires.
In all the transformation functions, the relative values were standardized according to the value of preparing and presenting a lecture in the department, which Set 2 multiplier=median of (median Q2 Set 2/median Q1 Set 2)=3
Standardization of Relative Values e Using Means Method Multiplier:
Relative value of program director = mean Q1* Set 2 multiplier 3.66*6.51 mean Q1 lecture* Set 1 multiplier 2.21*2.50
Using Medians Method Multiplier:
Relative value of program director = median Q1* set 2 multiplier 4*3 median Q1 lecture* set 1 multiplier 2*.8 a The means method computed (1) the mean (across activities) of the mean ratings (across all respondents) for six activities from each set from Q2 and (2) the mean of the mean ratings of the same six activities from Q1. b In Q 1, each set of three sets of activities was judged separately. c In Q 2, 18 items (6 items from each set) were judged. d The medians method computed (1) the median rating (across respondents) for six activities from each set from Q2 and (2) the median rating of the same six activities from Q1. e A ratio of means (means method) or median of ratios (medians method) from each set was used as a multiplicative factor to obtain the final relative values of items for its set. was set equal to one (Table 1) . Although the transformation functions could be derived for each respondent individually, we report their application to the mean and median scores across all respondents. Other methods of calculating relative values using robust estimators of central tendency did not appear to offer any advantages over the methods described below. The first method computed (1) the mean (across activities) of the mean ratings (across all respondents) for the six activities from each set from the second questionnaire and (2) the mean of the mean ratings of the same six activities from the first questionnaire (Table  1 ). The ratio of these means (second questionnaire/first questionnaire) was used as a multiplicative factor in the transformation function. A separate factor was calculated for each of the three sets. Thus, to obtain the value of any activity from a set, on the ultimate relative value scale, its mean rating (across all respondents) on the first questionnaire was multiplied by the factor for its set.
The second method computed (1) the median rating (across respondents) for each of the six activities from each set from the second questionnaire and (2) the median rating of the same six activities from the first questionnaire (Table 1) . For each item, the ratio of the median rating from the second questionnaire over the median rating from the first questionnaire was computed. The median of these ratios (across the six items) was used as a multiplicative factor for the set. To obtain any activity's value on the ultimate relative value scale, its median rating (across respondents) on the first questionnaire was multiplied by the corresponding factor.
Total Individual and Departmental Production
The number of times each activity was performed in a year was taken from objective sources such as schedules, if available, or else from the respondents' estimates on the first questionnaire of Phase Two, as extrapolated to the full department. To calculate total production, relative values were multiplied by the number of times the activity was done and summed for each faculty member and the department. Production was subtotaled for teaching, clinical activity, scholarly activity, and administration.
Data Analysis
All data were entered into either a Microsoft Excel ® spreadsheet or Microsoft Access ® database and further analyzed using SPSS ® for Windows 7.5 (SPSS ® Software Products, Chicago). The relative values assigned by clinical and nonclinical faculty were compared using Student's t test for significance.
Results
Subjects
All 37 faculty members in the department were given the Phase One and the first Phase Two surveys. Phase One questionnaires were processed when returned but were not counted. Twenty-four faculty members (including 15 physicians) responded to the first survey of Phase Two, and 17 (13 physicians) responded to the second survey of Phase Two. Twelve of the 24 respondents on the second Phase Two survey answered the arithmetic question pertinent to whether people were thinking correctly about ratios. Eleven of them got the correct answer.
The data in the first four columns of Table 2 were used for producing the transformation functions. These were the means and medians across all respondents who answered both questionnaires of the ratings on the first and second questionnaires for the 18 academic activities that were on both questionnaires. There were only minimal differences between the mean and median estimates from the 24 responses to the first survey (not shown) and the mean and median estimates based on 17 responses of faculty who completed both questionnaires.
On the second questionnaire, the mean and median ratings for the activities were similar, although the mean exceeded the median for 15 of the 18 items. On the first questionnaire, however, the mean values greatly exceeded the median values for many items. These are displayed in columns 3 and 4 of Table 2 . The greatest disparity occurred for the sole author of a book, where the mean was 322.53, and the median was 15. Inspection of the data revealed that one respondent's values were extreme outliers for many of the activities of the second questionnaire. Removing the values of this respondent would have resulted in lower mean relative values, closer to those based on the medians. However, these responses were included in the analysis since we had decided from the start that the values of all participants would be included.
These data were used to create the transformation functions for each of the three types of academic activity or product (six per set), according to the rules of Table 1 . The results of the two alternative methods are given in the last two columns of Table 2 , which show the relative values calculated using multiplicative transformation factors based on the mean and the median. Both methods produced similar relative values for the Set One activities. For five of the six Set Two activities, the relative values calculated with the transformation based on the median ratio were greater than those based on the mean. For the Set Three activities, the mean-based relative values were greater than those based on the median. Table 3 shows the relative values of all 96 faculty activities, the number of times the activity was done a Questionnaire 1: mean and median ratings of the 17 respondents who completed both questionnaires b Questionnaire 2: mean and median ratings of the 17 respondents who completed both questionnaires c Relative value is calculated from the ratio of the mean of the means of the activities that were rated on both questionnaires d Relative value is calculated from the median of the ratio of the medians of activities that were rated on both questionnaires per year, and the total production measured in relative value units (relative value multiplied by the number of times the activity was done). The relative value based on the mean of the means multiplier was used. The activity with the greatest relative value was principal investigator of a funded grant (relative value=30.23), followed by sole author of a book (relative value=28.25).
The activity with the smallest relative value was the scholarly activity of attending a faculty meeting (relative value=.36). A half-day clinic session had a relative value of 1.08. The relative value of being the chair of a department was 5.71 per month or 69 per year. Table 4 presents the department's total production within each of the major faculty activity categories. The total production of all faculty activities was 21,347 relative value units. Broken down by category, production was greatest for administration (5,764), followed by clinical activities (5,702), teaching (5,480), and scholarly activity (4, 401) . Outpatient clinical activity accounted for 2,155 relative value units. Individual teaching faculty activities ( Table 3 ) that contributed more than 500 relative value units included outpatient resident supervision (924), lectures (754), faculty participation at resident/student meetings (902), student/resident single planned meetings (795), and single learner research supervision (557). Writing and being funded by grants, with 805 relative value units, accounted for less than 20% of the scholarly production and less than 4% of the total production.
On the first Phase Two questionnaire, differences existed between the relative value estimates of clinical and nonclinical faculty. The 11 (out of 96) activities with statistically significant differences in mean estimates are shown in Table 5 . None of these were clinical activities. The nonclinical faculty assigned higher mean values than the clinical faculty to all the nonclinical activities in which there was a significant difference.
Discussion
This project produced a relative value scale with which a department's activities from all areas can be compared: teaching, research, clinical practice, and administration service (Table 3 ). This project provided a portrait of our department's annual production in nonmonetary terms (Table 4) . Interestingly, it showed that administration was the largest category of production, followed closely by clinical, teaching, and, finally, research. The survey process was relatively efficient and had a face legitimacy because all faculty members participated-or at least had the opportunity to do so. At the start, there was considerable apprehension regarding both the determination of relative values and the measurement of production. Many faculty members ultimately expressed satisfaction with the process and an enhanced appreciation of the big picture of the total activities of the department and the mutual interdependence of faculty members. However, this improved attitude occurred only after the faculty had participated in a role-playing simulation at a retreat. The description of this role-playing simulation is available at http://www.fammed.ouhsc.edu/relval/prodgame.htm. The method differs in five ways from earlier attempts to assign relative values to faculty activities. 6, 11, 12, 14, 17, 18 First, the list of activities was expanded from 51 6 to 96, with faculty input. Second, all faculty members, including the chair, were involved and at risk, rating the activities and counting their own contributions. Third, all activities including administration were counted, which is similar only to Hilton's system 6 among previously published systems. Fourth, we collapsed what had been two separate rating tasks in Bardes' 10,11 and Hilton's 6 systems into one. They required ratings of both how valuable an activity, product, or accomplishment was and how much time it took to do it. To avoid doublecounting time, we combined those into a single rating. Fifth, to facilitate comparison of activities that range a Relative value is calculated from the ratio of the means of representative activities from both questionnaires (see text) b Number of times the activity was performed per year calculated from survey respondents c Number of times the activity was performed per year corrected for the total number of faculty and actual count of activities when known (rounded to nearest integer) d Production=relative value times total corrected activities (rounded to nearest integer) a Production is measured in relative value units per activity times the number of times the activity was performed during a year (a lecture= one relative value unit).
from an hour's meeting to writing a book, the activities were grouped into three sets of comparable activities that were easier to rate consistently. The more difficult cross-set comparisons were done with only a subset of the activities. Our system is useful for understanding what our department does and how our efforts are distributed among the different areas. Our system has potential for understanding the distribution of each individual's efforts among the academic roles and evaluating individuals' contributions. However, in analyzing the data from the exercise, problems have become apparent. Though some of these problems may be specific to our attempt, others seem to be inherent to the task of measuring the relative value of academic activities. 26 
Measuring the Full Range of Relative Value
A numerical measure must have a large enough range to value the diverse array of medical activities. The methods of Bardes 10, 11 and Hilton 6 judged the value of the activity's product on a 1 to 10 scale and then multiplied it times an estimate of the amount of time required. Though the range of the product of these two values may be wide enough, it is uncertain whether the 1 to 10 relative value weight scale has the qualities appropriate for multiplying. It is an ordered categorical scale, where each number has more value than the next but an 8 does not necessarily have twice the value of a 4, and the increase from 1 to 2 is not necessarily equal to the increase from 9 to 10. Thus, there is reason for concern about the validity of summing relative value measures of the activities of an individual or a department.
Due to this concern, as well as the problem that the time involved in a task seemed to be considered twice in the Bardes and Hilton methods, we chose to use a single rating with an open-ended scale (any value greater than or equal to 0), with magnitude estimation instructions, 25 as used in estimating clinical RVUs. 27 This would prevent double counting of time and provide a ratio scale of relative value, with a meaningful 0 and consistent differences and ratios, so that sums of the values of activities could be meaningfully compared. 25 It is possible, however, that there is a natural tendency to collapse the numerical range of judgments to a familiar range, such as 1 to 10, no matter how well conceived the judgment instructions. To anticipate this, as well as to make the judgment task more tractable and reduce variability, we broke up the task of comparing the 96 items into 4 simpler tasks. We grouped the items into three sets that were similar in scope (daily, monthly, and large scale), had the respondents judge all the items within each set, and then had them rejudge six representative activities from each set. Despite the open maximum, we found that the range of response values within the separate sets was less than 10 (ratio of highest mean relative value rating over lowest for the first set=4.34, for the second set=6.79, for the third set=5.55). However, when items from different sets were combined in the second questionnaire, the computed relative values ranged from .36 for attending a faculty meeting to 35.18 for principal investigator of a funded grant, a ratio of 97.7.
Despite this broader range, the relative values in our final scale still seem to underestimate the differences in value between diverse faculty activities. For instance, writing a book as the sole author (relative value=28.25) was equivalent to 26 half-day outpatient clinic sessions (relative value=1.08). At face value, this appears to us to be a significant underestimate of the relative value of writing a book, at least in the context of the amount of time and effort required. A faculty member writing books full-time would need to write 19 books to produce equal value as a full-time clinician practicing for a year. Perhaps there is less of this sort of compression than would have been the case if all 96 activities had been judged in one set. Although splitting the judgment into four separate tasks may have made it easier for respondents to focus on the task, and may have reduced the variability in their judgments, it does not appear to have eliminated the problem of compression. 
Arbitrariness of Certain Elements of the Scaling Process
Choices made during the design of a relative value scale may favor some types of faculty activities over others. For example, the choice whether to use the transformation based on means or medians could have an impact on the relative values of entire sets of activities (see Table 2 ). Administrative activities were assigned higher relative values if the median was used for the transformation, while scholarly activities were favored if the mean was used for the transformation. While each of these resulting scales looks valid, as did Hilton's, 6 the choice of method would substantially affect career income if it determined salaries. 22, 23 Differences in the weighting scheme, or indeed in the judgments of the relative value of particular activities, will have larger practical implications when applied to groups of faculty who have very diverse activities.
Who Shall Judge the Relative Value of Faculty Activities?
Should the judgments that determine the relative value measurement system be made by the leaders of the institution, the leaders of the academic department, or by all the faculty? Our system involved all the faculty at each step: identifying the activities, rating the activities, and counting the activities they do. Though this shared the responsibility for the system with the faculty, there are several disadvantages that may offset the legitimacy provided by the participation of all. The ratings by the faculty of a single department may not be pertinent to the goals of the institution. For assessing adherence to the objectives of a strategic plan, for example, perhaps relative value scales designed by the central administration would be more relevant. On the other hand, the faculty ratings may be more pertinent for the allocation of work or rewards within a department. 15 With respect to the quality of the judgments, there was resentful resistance to the rating task, partly because the necessity to develop the system was imposed from outside the department, and the eventual use of the system was unclear, and partly because evaluating the activities according to the instructions was onerous. Perhaps a single individual or a motivated committee could focus more efficiently on the technical details of the task and yet balance competing interests effectively.
The faculty's aggregate ratings seemed to undervalue large-scale scholarly activities beyond the stretch of common sense. As described above, individuals tended to compress the value scale when considering a broad range of activities. Because 1 of the 12 responding faculty members gave a wrong answer to the single item "arithmetic test" of the kinds of ratio required for the keeping the ratings straight, it is possible that some of the answers might have been confused. Consistent and appropriate use of a ratio scale for magnitude estimation may require more than written instructions. Faculty members could make judgments with an interviewer trained to check for consistency. Alternatively, each respondent could be given explicit training and practice. Such considerations might support delegating the judgments to a committee, 28 despite the decrement in judgment validity that some committee processes may produce. 29 There was some evidence that faculty members slanted their ratings to their own benefit. This tendency would surely be exacerbated if the answers had real consequences. Though one might think that the exaggerations would cancel each other out, that would depend on the relative numbers of people who do each type of activity. If the mean of all responses is used, then one faculty member may influence the total by using larger numbers. If the median is used, the majority controls the relative value. There is no obvious technical solution for this problem.
This problem was evident in our study. While both groups rated clinical activities about equally, nonclinical faculty rated nonclinical activities higher than the clinical faculty did. It is not clear who is self-serving here. It is consistent with the observation that the researchers know that their salaries depend on the clinicians, while the clinicians don't know what value they get from the researchers.
These same problems would apply on the scale of the institution as a whole, where the chairs might feel the need to exaggerate the value of their department's contributions. The motivation for this would be quite powerful: while the increases or decreases may be only +2.5% or -3.1%, 12 they have been as high as +18% or -30% 16 when relative value-based systems were used for distributing funds among academic departments.
The declared objective of the exercise was to evaluate the faculty's activities in the light of the institution's and department's missions. The mission statements attached to the surveys emphasized the core values of education, scholarly activity, and clinical care. This balanced emphasis is consistent with the goal of increasing the allocation of resources to teaching, because teaching has been undersupported in recent years when the informal traditional funding arrangements have fallen apart. Surely most academics value this goal and appreciate the administration leading in this direction. Yet, it is not realistic to expect all faculty members to agree on a shift in emphasis, in the way that could be done if the relative value measure was in the control of an administration committee. For example, to emphasize the importance of teaching, Hilton et al arbitrarily assigned lower relative values to scholarly activities. 6 This kind of strategic shift may not be possible if the full faculty is involved in establishing the relative values, unless there is an explicit, persuasive political process. Family Medicine
Potential Impact of Allocating Resources Based on the Relative Value of Faculty Activities
One must consider how individuals would allocate their efforts if any relative value measurement system were used to allocate resources to individuals, such as determining salary. Rewarded, counted activities might drive out unrewarded activities. 30, 31 People will do tasks that are rewarded. Indeed, it has been explicitly recognized that:
In general, the medical school administration establishes incentives, and faculty members respond by making decisions about how they allocate their time. 32 Is it possible for a self-directing faculty to set rewards to motivate behavior in a certain direction, in this manner? Or would faculty governance turn out to be conservative, supporting the preexisting patterns of activity? It is not certain that individuals' best contributions to science, to teaching, or to service would be elicited by such a system.
Conclusions
We used a bottom-up process to develop a relative value-based system for measuring our faculty's individual and joint academic production. Our results demonstrate the need for each academic department to take care to ensure that relative values used to measure production reflect the judgments of their members. Because of the variety of problems we have identified with the approach we used and because most of these problems seem inherent to the measurement of the relative value of faculty activities, the application of such estimates of relative value-based production to budgetary decisions is premature.
